has the INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 7, NO. 2, June 2014 584 highest capability in classifying herbs sample. Accuracy in classifying the correct herbs increases with the number of sensors used. This investigation demonstrates that the neural network-based electronic nose technique promises a successful technique in the ability to classify distinctive odor pattern for aromatic herbs species.
INTRODUCTION
Many of the existing plant species on earth are still unknown, which might be at the margins of extinction. Each plant species has unique leaves which differ from each other in characteristics such as the shape, color, texture and the nature of odors. Therefore, it is important to correctly and quickly recognize the plant species in order to understand and managing them. However, it is difficult for a layman to recognize the plant species and currently, Botanist is the expert. The role of a botanist is very important in recognizing and characterizing plant leaf. They have to go to the field for the identification process. Due to the limited number of resources and experts, it is very important to automatically recognize the different kinds of leaves for plant classification based on their very unique characteristics.
Each plant leaf is characterized according to their physical and chemical criteria. Currently, many researchers have investigated the methods of plant species recognition based on physical or texture of leaves [1] [2] [3] [4] [5] [6] [7] . Herb is one of the plant species that each has unique odor. Odor from herb is one of the important parameter in identifying the unique criteria for different type of herbs species. This project will focus on the process of identifying herbs from their unique odors extraction by getting the unique electrical signal for each herb. Currently, the research involving herbs species recognition based on the odors is still rare. Previously, botanist uses their skill to identify the herbs species based on the odors of the herbs. recognize and classify the herbs according to their respective group. We intend to prove the hypothesis that artificial olfactory sensing system such as electronic nose (E-nose) can be used to discriminate herbs odor by means of various gas sensors. An electronic nose system has two steps signal processing and pattern recognition. The e-nose consists of an array of commercial gas sensor. Every sensor has its own concentration, when gas is present it will produce an output signal. The output of sensors is then classified by using neural network method to find the unique pattern of herbs species. The implementation of artificial intelligence (AI) technique for aromatic plants classification is relatively a new research area especially for herbs industry. Therefore the new portable e-nose based on neural network technique for herbs recognition is expected to give confidence and promote industrial herbs internationally. The herbs recognition system must be easily usable by community, which comprises scientists, botanists, forest rangers and engineers from a wide variety of disciplines.
The paper is organized as follows: In section 2 and section 3, the electronic nose (E-nose) technology and the principle of E-nose system are explained briefly. Section 4 discusses in detail the design concept and development of the E-nose system. Section 5 discusses experimental setup and the measurement process. The next section, the data analysis and the results from classification are discussed. The conclusion of this paper is summarized in the last section.
II. ELECTRONIC NOSE (E-NOSE) TECHNOLOGY
Electronic sensing technology is developing field of study that has greatly advanced over the decade. Previously, human nose had been used in many industries to measure the quality of food, drinks, perfumes, cosmetic as well as chemical products. A human nose acts as an analytical tool in the case. However, this sensory panel is subjective and inaccurate. Many factors such as physical, mental health, fatigue and other body conditions might influence the accuracy of human sensory system [14] [15] . In order to solve human nose limitations, first attempt on aroma measurements were done in 1920s [16] and found that the addition of volatile substances to water will increase spray-electricity. This spray electricity could be used to detect presence of small amounts of aromatic compounds. Aroma measurement is further developed when two groups published studies and experiments on olfaction devices which are modulation of conductivity and contact potential which intended to differentiate between aroma bouquets and monitor aromas respectively [17] .
After several years of revolution, E-nose is first introduced in year 1982 [18] . It is said to be an intelligent chemical array sensor system for aroma classification. Initial research of E-nose focused primarily on sensor aspect of the problem exploring the use of metal oxide devices and conducting polymers. By that time, the development of computers and electronic sensors made it conceptually possible to obtain an electronic device capable of imitating the mammalian olfactory system.
Revolution continues where E-nose was introduced in 1988 and more and more sensors are developed. E-nose is re-defined as an instrument which comprises an array of electronic chemical sensors with partial specificity and appropriate pattern recognition system, capable of recognizing simple or complex odors [19] . After years of research and development, E-nose has now transformed to a system which provides a cost-effective solution to the human sensing limitations and capable in performing real time identification portable form.
III. PRINCIPLE OF ELECTRONIC NOSE SYSTEM
The mammalian olfactory system is the sensory system used for olfaction, or the sense of smell.
The sensitivity and range of the olfactory system is remarkable, enabling organisms to detect and discriminate between thousands of flow molecular mass, mostly organic compounds which is commonly known as odors. Odorant molecules emanating from different sources must be sufficiently volatile to arrive at the olfactory receptors in the nose that causing patterns of brain activity which is essentially the sense of smell [20] .
Despite the importance of olfactory systems of odor and flavor, more analytical approach has been developed in response to overcome dispute in comparing different person experience of smell and quantifying of odor. Research into alternative olfactorial sensing methods within an electronic nose as quantitative measurement intended to fill up this desire. The comparison between mammalian olfaction system and E-nose system is shown as in Figure 1 . Figure 1 . Comparison between mammalian olfaction and E-nose system [14] Over the last decades, chemical senses captured the attention of scientists who started to investigate the different stages of olfactory pathways [21] . This growing knowledge took over in replication of mammalian olfactory system to develop E-nose system. As a consequence, some of the functions for both systems were resemblance. For instance, sensor array consists of similarities with primary neurons in the human olfaction system and the other similarities are discussed in Table 1 . In an E-nose, the pattern recognition and data processing techniques played a very important role in the classification module. At this point, recognition of the unique aroma identity (electronic fingerprint) of collective sensor responses will accomplish the identification and classification of an analyzed mixture. The unique aroma identity pattern represents the characteristic of a simple or complex mixture that can be determined without separating the mixture into its individual components before or throughout the analysis. Preceding the analysis of unknown, digital aroma identity reference library for known samples must be constructed. Training is necessary for the pattern classifier with a database of known samples prior to E-nose commercialization in order to
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A. Che Soh, K.K.Chow, U. K. Mohammad Yusuf, A. J. Ishak, M. K. Hassan, S.Khamis, DEVELOPMENT OF NEURAL NETWORK-BASED ELECTRONIC NOSE FOR HERBS RECOGNITION predict the response for an unknown sample. To complete the system, computer central processing unit (CPU) as interface, recognition library and recognition software as brain and graphic user interface to process input data from the sensor array for succeeding data analysis must be provided. Included in the library are the pattern recognition algorithms that search the differences between all analyses type patterns which are used to configure the ANN through learning process (neural net training. This ongoing process will only stop when a level of discrimination selected earlier is met.
Unknown samples then can be compared with the validated and assembled results in the reference library. Identification of unknown can be done by comparing the similarity of the pattern present in the library databases with the aroma attributes distribution or components that the analyses pattern has.
The system is completed by providing an interface using computer central processing unit (CPU), recognition library and recognition software that serve as brain and graphic user interface to process input data from the sensor array for subsequent data analysis.
IV. METHODOLOGY
The proposed electronic nose (E-nose) system is divided into 3 sections. The first is the hardware development. In the hardware development, the detector circuit which consists of the sensors arrays and ADC (signal conditioning) are designed and tested. The second part focuses on the software development to design the pattern-recognition algorithm based on artificial neural network (ANN) using MATLAB software. The ANN is used to classify the types of herbs into their respective groups. The last part is to interface the software and hardware using data acquisition system with the DAQ device. The block diagram of designed E-nose is shown in After the designed sensor circuit has been tested on breadboard, complete circuits are drawn using ISIS (circuit design software) as in Figure 5 . Circuit drawn is then imported to ARES (layout design software) for layout drawing. Afterwards, the drawn layout is fabricated and all components are being soldered to the PCB board as shown in Figure 6 . The developed prototype is installed in gas chamber for data collection. Gas sensors will detect odor of the herbs and output voltage from the sensor will be sent to DAQ system. This data are then sent to the computer for classification. Last part is to interface the hardware and software using the DAQ device. This stage is to communicate the software and hardware before measurement and experimental process. The DAQ NI USB-6009 being used to supports the eight single-ended analogue input (AI) channels, two analogue output (AO) channels, 12 digital input/output (DIO) channels, and a 32-bit counter with a full-speed USB interface. USB cable is connected to establish communication between DAQ and the computer. The DAQ input ports are connected to sensor arrays by using the configuration as in Table 2 . The Measurement and Automation Explorer is used to check whether DAQ is connected successfully to the computer. If it is connected successfully, the "NI USB-6009 Dev 1" will be shown on left hand side of main panel in Figure 9 under the option of Devices and Interfaces. Now, the hardware is ready to use and can be tested by clicking the "test panel". analog inputs are being used. In order to test the functionability of the port, positive +5 voltage is connected to a port of ai0 and negative is to the ground. +5 V is appeared in waveform chart as in Figure 10 . Same procedure is repeated for the other input ports.
(a) Without input (b) With +5V as input Figure 10 . Test panel of NI 6009 with +5V as input Next, the Matlab software is opened and Simulink is chosen. The analogue inputs is selected from "Data Acquisition Toolbox" and choose the synchronous mode which initiates acquisition at each time step and will not continue until the data are obtained. Single ended input mode is chosen rather than the differential mode as it can support up to 5 analogue inputs while the differential can support 4 channels inputs at a time. The DAQ device is now ready to collect data from the sensor arrays.
V. EXPERIMENTAL AND MEASUREMENT
The developed E-nose system in this project contains an array of commercial gas sensor that Lime/Limau Kasturi (Citrus Microcarpa). The leaves are crumpled before being tested with the E-nose sensor so that the odor will be completely released from the herbs for better recognition.
The sensor arrays sense the odor and generate data which will be sent to the developed algorithm for further process.
Sample of herbs are measured by using procedures as below:
1) Sample is weighted as 10 grams and is ready to be put into the gas chamber as shown in Figure 11 .
2) E-nose system is being preheated for 1 minute before samples are put into the gas chamber. Preheating time of the sensors is set to be 1 minute so that all the sensor voltages are stabilized and stop fluctuating.
3) Samples are crumpled before putting it into measurement chamber. Crumpled leaves emit significant odor for better recognition. The chamber lid is opened and herbs sample are put into the chamber. The net will hold the herbs to avoid direct contact with sensors. Surface density of negatively charged oxygen decreases in the presence of a deoxidizing gas, so barrier height in the grain boundary is reduced. The reduced barrier height decreases sensor resistance, thus, an output signal will be formed. Sensor type being used and type of gas detection is shown in Table 3 . According to the table, it can be concluded that each sensor being selected is sensitive to ethanol chemical compound which is originated from alcohol family. Table 4 , it shows all the herbs contain compounds with suffix-ol which is used in organic chemistry to represent alcoholic compounds. In common, the word alcohol refers specifically to ethanol which shows some positive relations with gas detected by the sensor arrays. Thus, sensors should be sensitive to target herbs with different sensitivity posed by each sensor. based on one to five features are done in order to prove that the ability of the E-nose system to classify the herbs increases as the number of sensors increases.
From analysis of GC-MS in
For the analysis in this section, the sensors are represented by sensor 1 to 5 for simplification as in Table 5 . According to all two-feature graphs, Lemongrass (Cymbopogen Citrates) group has higher probabilities in false identification because some points of other groups are too close.
It can be seen that graph for sensor 3 vs sensor 4 and sensor 3 vs sensor 5 (refer Figure 13 There is confusion in classifying the herbs since voltages in Figure 14 are overlapped and close to adjacent herbs. All the herbs in Figure 15 are separated clearly; however, some points of the herbs are not clustered into their own group. Figure 16 gives the best classified graph for the herbs which are clustered and separated from the adjacent herbs. For data analysis in various features, it can be concluded that the ability of sensors to classify herbs increases as the number of sensors is increased. Next, the data are analysed further by using neural network to evaluate the relationship between the number of sensors and classification accuracy. Graph plotting can only support up to 3 axes, therefore five features analysis is carried out using ANN. while the tests set are served to evaluate the system performance. Basically, the performance of the system is measured by computing the percentage of correctly recognized patterns on all the input patterns presented to the system. Data analyzed in Table 5 are used as training data for ANN model. Parameters of ANN model are set before training the model. If the model is being trained successfully, testing set will be input into the model and herbs classification will be conducted. Table 6 and 7 indicate a success of using ANN in classifying the herbs. In this study, the data signal from the sensors array are plot according to one-feature analysis, two-feature analysis and three-feature analysis. The purpose of these analyses is to observe the capability of the E-nose to achieve the highest accuracy using various number of sensors to classify the types of herbs based on the odor. Also, we can check whether all the sensors are suitable to be used in this E-nose system. In this project, we use the types of herbs from different family. So, the aroma from the herbs are quite different. So, in our case it is easy to classify only using this feature. From the graphs, we can observe that the herbs are already classified according to the group. For confirmation, the data signal obtained from sensors array are sent to classification using ANN techniques. The ANN can successfully classify the herbs. Results also show that the developed E-nose system with five sensors has the highest capability in classifying herbs sample. As a conclusion, the performance of E-nose in classifying the correct herbs increases with the number of sensors used.
